Background. Lactobacillus acidophilus not only improves the intestinal fl ora balance but also inhabits the growth of undesirable microorganisms in intestine, which is benefi t to the health of humans and animals. Plackett-Burman and steepest ascent experiment are the rapid and concise ways of screening the main effective factors. This study is aimed to select the main infl uence factors and optimize the medium for Lactobacillus acidophilus by Plackett-Burman experiment and steepest ascent experiment. Material and methods. The ideal carbon source was screened among glucose, maltose, lactose and whey powder, and the ideal nitrogen source was screened among casein hydrolysate, peptone, yeast extract powder, fi sh meal, carbamide, ammonium sulfate and sodium nitrate by single factor experiment. Plackett-Burman and steepest ascent experiment were applied to screen the main effective factors of Lactobacillus acidophilus among peptone, beef extract, yeast extract powder, glucose, K 2 HPO 4 , C 6 H 14 O 7 N 2 , CH 3 COONa, MgSO 4 and Tween-80. Result. The results indicated that glucose (p = 0.01510) as negative factor and K 2 HPO 4 (p = 0.02017) as positive effect were the signifi cant growth factors of Lactobacillus acidophilus, CH 3 COONa (p = 0.09273) as positive effect was an important factor, and the optimized medium was as follows: glucose -21 g/L, K 2 HPO 4 -3.5 g/L, CH 3 COONa -6.5 g/L, peptone -10 g/L, beef extract -8 g/L, yeast extract powder -8 g/L, C 6 H 14 O 7 N 2 -2 g/L, MgSO 4 -0.2 g/L and Tween-80 -1 mL/L when the maximum viable count could achieve 2.72·10 9 cfu/mL. Discussion. The experimental model is reliable and the experimental results are of good stability. Variance analysis is performed to determine the adequacy and signifi cance of the linear model. Thus, Plackett-Burman and steepest ascent experiment improve the veracity of optimization the medium for Lactobacillus acidophilus compared with the previous research.
INTRODUCTION
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In recent years, with the awareness of the therapeutic effect on human health of consuming probiotic bacteria increasing (Gomes and Malcata, 1999) , Lactobacillus acidophilus is a species of probiotic bacteria widely used as health foods and fermented milk (Fung et al., 2008) . Dairy starter cultures (Surono and Hosono, 2002) are of industrial importance for fermented foods. As a major component of dairy starters Lactobacillus acidophilus has a "Generally Recognized as Safe (GRAS)" status in the USA and a "Qualifi ed Presumption of Safety (QPS)" status in the European Union. Therefore, it is necessary to screen main infl uence factors of the medium in order to obtain an excellent starter with high viable counts.
The Plackett-Burman statistical method offers a design where variables are studied in n+1 experimental runs. This experimental design is an excellent screening method, because the required numbers of experimental runs are very few, leading to saving of time, chemicals, glassware and manpower (Carvalho et al., 1997; Srinivas et al., 1994) . Moreover, the design is orthogonal in nature, implying that the effect of each variable worked out is pure in nature and not confounded with interaction among variables.
Response surface methodology (RSM) is a popular statistical method (Neelesh et al., 2014a) which contains a variety of statistical and mathematical techniques. This method is used by modelling and analysing the relationships between several independent variables and response variable(s) (Martins et al., 2013; Neelesh et al., 2014b; Piyushkumar et al., 2007) . Thus, it has been widely used.
As far as can be ascertained, the present literature mainly contains the application of Plackett-Burman design and the optimization of fermentation medium (Zhang et al., 2013) . The aim of the study was to screen the optimum medium for Lactobacillus acidophilus by Plackett-Burman and steepest ascent experiment. The optimized medium will improve the number of viable cells in MRS broth and prolong the growth cycle effectively, which provides the technical foundation for further producing probiotic bacteria powder.
MATERIAL AND METHOD

Materials
Glucose as the optimum carbon source was purchased from Tianjin FuChen chemical reagents factory (Tianjin, China). Both peptone and beef extract as the optimum nitrogen source came from BeiJing AoBoxing bio-tech Co. Ltd. K 2 HPO 4 selected as the signifi cant growth factor and purchased from Tianjin TianDa chemical reagents factory. CH 3 COONa as an important factor was from Tianjin HongYan chemical reagent factory (Tianjin, China).
Bacterial strains
The probiotic lactic acid bacteria strain, namely Lactobacillus acidophilus (Chen et al., 2012) was obtained from College of Life Science and Engineering, Shaanxi University of Science and Technology, Xi'an. MRS agar medium was selected as colony counting culture medium, which was purchased from Qingdao Hope Biol-Technology Co. Ltd. (Qingdao, China).
Activation of bacteria and cultural methods. Inoculate Lactobacillus acidophilus in MRS broth (Hopebio, Qingdao, China) at 37°C for 24 h. The methods were used the methods of the toluidine blue staining and the microscopic examination to ensure no other harmful bacteria. Activate bacterial strains three successive times in anaerobic condition. MRS broth was sterilized at 115°C for 20 min (pH 6.2-6.4).
Determination of viable bacterial counts and pH evaluation.
The activated bacterial strains with 0.9% NaCl were diluted to suitable concentration. 1 mL of the appropriate dilutability into MRS agar medium was taken, and cultured at 37°C for 48 h. The number of colony between 30 and 300 was selected, and then the viable count per milliliter (cfu/mL) was calculated.
The pH of the culture was evaluated by a pH-meter (pHS-3C, Shanghai Precision Scientifi c Instrument Co., Ltd, Shanghai, China).
RESULTS AND DISCUSSION
The eff ect of carbon sources on the growth for Lactobacillus acidophilus The effect of carbon sources on the growth of Lactobacillus acidophilus is showed in Figure 1 .
From Figure 1 , we could fi nd that the effect of different carbon sources on growth of Lactobacillus acidophilus had signifi cant difference (p < 0.05). Whey powder and glucose were used better for Lactobacillus acidophilus, and whey powder had the best effect, less acid production and the number of colonies could rise to 1.8·10 9 cfu/mL. It could be drawn from the above-mentioned analysis that whey powder was the ideal carbon source for Lactobacillus acidophilus, but it easily to produced precipitation and would be inconvenient for subsequent preparation of bacterial powder, so glucose was used as the carbon source instead.
The eff ect of nitrogen sources on the growth for Lactobacillus acidophilus
The effect of nitrogen sources on the growth of Lactobacillus acidophilus and the pH value of culture medium were studied. The results are shown in Figure 2 and 3. Figure 2 and 3 respectively show that the differences of different nitrogen sources were signifi cant (p < 0.001) on the growth and acid content metabolized. Organic nitrogen source could promote better growth of Lactobacillus acidophilus than inorganic nitrogen source, because it contained protein, free amino acid, peptides, glucide, fat and growth factor. Yeast extract and peptone were ideal nitrogen source of Lactobacillus acidophilus, it could be found that complex nitrogen source had better effect than single nitrogen source when compared with the basic medium, and that the colony number of single yeast extract was 1.1·10 9 cfu/mL, while the colony number of the complex nitrogen source in MRS was 1.7·10 9 cfu/mL. It could be drawn from the above-mentioned analysis that single nitrogen source had not better effect than complex nitrogen source, so the compound of yeast extract and peptone were used as complex nitrogen source.
Screening of signifi cant growth factors of medium for Lactobacillus acidophilus
Considering the ideal carbon source, nitrogen source and the culture medium compositions of MRS broth from Figure 3 , nine kinds of factors were studied. The factors levels coding is shown in Table 1 .
The design and results of tests are shown in Table 2. The response value Y represented viable count in the liquid fermentation, and the unit was 10 9 cfu/mL. Analysis of variance was shown in Table 3 in which the effect of each factor on the growth of Lactobacillus acidophilus: glucose (X 4 ) > K 2 HPO 4 (X 5 ) > CH 3 COONa (X 7 ) > yeast extract (X 3 ) = MgSO 4 (X 8 ) > peptone (X 1 ) > beef extract (X 2 ) = C 6 H 14 O 7 N 2 (X 6 ) = Tween-80 (X 9 ). The factor whose reliability was more than 95% (0.01 < p < 0.05) was defi ned as a remarkable factor and the factor whose reliability was more than 90% (0.05 < p < 0.1) was important factor in general statistics.
It was shown that glucose (X 4 ) and K 2 HPO 4 (X 5 ) were remarkable factors, and CH 3 COONa (X 7 ) was important factor on growth of Lactobacillus acidophilus in Table 3 . Similarly, from Figure 4 , we could fi nd that the factors of X 4 , X 5 and X 7 had greater effect on the growth of Lactobacillus acidophilus, it also indicated positive or negative effects and the infl uence intensity of each factor on the response values.
We screened two signifi cant factors of glucose (X 4 ), K 2 HPO 4 (X 5 ) and one important factor of CH 3 COONa (X 7 ) by the Plackett-Burman experiment design and then did further research and analysis. The other factors were determined as: the X 1 to -1 level, X 2 to -1 level, X 3 to 1 level, X 6 to -1 level, X 8 to -1 level and X 9 to 
The results analysis of steepest ascent experiment
The results were as shown in Table 4 which showed that optimum value area was located in step 4. Glucose (X 4 ) as the negative effect should be reduced; K 2 HPO 4 (X 5 ) and CH 3 COONa (X 7 ) as positive effect should be increased. According to the effect of three factors, changed direction and a set of experimental runs were designed.
CONCLUSIONS
This study result showed that glucose (X 4 ) and K 2 HPO 4 (X 5 ) were remarkable factors, and CH 3 COONa (X 7 )
was important factor on growth of Lactobacillus acidophilus. The viable count would increase with the X 5 and X 7 , and decrease with X 4 . Effect of each factor on the growth of Lactobacillus acidophilus: glucose (X 4 ) > K 2 HPO 4 (X 5 ) > CH 3 COONa (X 7 ) > yeast extract (X 3 ) = MgSO 4 (X 8 ) > peptone (X 1 ) > beef extract (X 2 ) = C 6 H 14 O 7 N 2 (X 6 ) = Tween-80 (X 9 ). The optimized medium component was as follows: glucose -21 g/L, K 2 HPO 4 -3.5 g/L, CH 3 COONa -6.5 g/L, peptone -10 g/L, beef extract -8 g/L, yeast extract powder -8 g/L, C 6 H 14 O 7 N 2 -2 g/L, MgSO 4 -0.2 g/L and Tween-80 -1 mL/L when the maximum viable count could achieve 2.72·10 9 cfu/mL. 
